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The selected master core (ENC12-03) is located at the southern edge of the depocenter, but in the middle of the area showing least acoustic reflectivity on the side-scan sonar data. The low reflectivity indicates presence soft, muddy sediments, compared to more sandy sediments on the proximal locations. As these sands occur in the base of the turbidites, and are an indication of higher-energy flow regimes, their presence increases the chance of erosion by the currents. The low-reflectivity zone (from which the master core is retrieved) thus indicates the area in the lake with minimal chance of erosional surfaces.
Chronology
A first order chronology of master core ENC12-03 was established by analyzing 137 210 Pb-, 226 and 232 Th-activities of freeze-dried samples. These were measured by gamma spectrometry with a low-background, high-efficiency well-type germanium detector equipped with a Cryo-Cycle (CANBERRA) (Schmidt and De Deckker, 2015) at the University of Bordeaux. In order to reduce impact of changes in sediment composition and grain size, excess lead ( 210 Pbxs; unsupported by its parent isotope 226 Ra) was normalized for 232 Th activity (Stupar et al., 2014) . In order to calculate an accurate age model two transformations were performed to the depth scale: (i) the turbidites with a thickness ≥0.8 cm were excluded, resulting in a "corrected depth", and (ii) a power fit through weights of 26 freeze-dried samples of a similar volume (spread throughout the core) allowed to convert the corrected depth (cm) to cumulative dry mass deposition (g/cm²) (e.g., Stupar et al., 2014) . The second step was executed to reduce the influence of the higher water content in the upper centimeters, which significantly increases the apparent sedimentation rate. Depositional ages were estimated using a Constant FluxConstant Sedimentation (CF-CS) model (Oldfield and Appleby, 1984) (Fig. DR1) . The error on the slope of the model fit was used to produce a Gaussian probability density function for each turbidite (Fig. 2 ), minimum and maximum ages (Table DR3 ) are based on a 1 standard deviation error. The 137 Cs profile was used to estimate the depth of (i) the southern hemisphere 137 Cs peak fallout in 1964 (i.e. 1964.0 -1965.0) (Hancock et al., 2014) and (ii) the first widely detectable 137 Cs fallout around 1954 (Hancock et al., 2014; UNSCEAR, 2000) , both supporting the 210 Pbxs age model -as the "best ages" of the latter are within a year of the expected age based on literature -, but also confining some of the event dates ( Fig. 2, DR1 ; Table DR2 ). Th activity, CF-CS age model based on normalized 210 Pbxs, with an uncertainty of 1 standard deviation; relation to depth with indication of turbidites, which were excluded from the age model. Turbidite colors indicate their class: C1 (red), C2a (grey) and C2b (blue), see also Figure 2 and DR2.
In the lower half of the record, a floating varve chronology was constructed. Four independent counters (authors MVD, IM, PK and JM) counted each three times on the CT images using the ImageJ software (Schneider et al., 2012) . Taking into account that the varve year of these clastic varves starts in October (strong rise in river discharge due to spring melt), and that fallout records are based on calendar years, two varves are a candidate to contain the onset of 137 Cs fallout in 1954, which can thus serve as a tie-point for the floating varve chronology. As all 12 countings were tied to each 1954 candidate, a total of 24 countings were used to calculate an average varve model as well as a Gaussian probability density function for each turbidite. Minimum and maximum ages (Table DR2 ) are based on a 1 standard deviation error. The varve model is supported by the 210 Pbxs age model, as the latter completely encloses the varve model, which has a much higher accuracy (Fig. 2) . The increasing offset between the model averages in the first 2 decades of the 20 th century is a result of the higher sedimentation rate, which cannot be accommodated by the CF-CS model. The final age-depth model is a combination of the 210 Pbxs model (1958.9 -2010.2 ) and the varve model (1905.7 -1958.9 ). C2a 1987.0 1983.0 1978.9 2010.2 1964.5 --1957.5 1987.0 1983.0 1978.9 1983 .0 summer rainfall 0.05 C2a 1983.9 1979.3 1974.6 2010.2 1964.5 --1957.5 1983.9 1979.3 1974.6 1979.0 summer rainfall -0.26 C2b 1968.6 1961.3 1954.0 1964.5 1954.0 --1957.5 1964.5 1961.3 1957.5 ? post-seismic T7 C1 1966.6 1958.9 1951.2 1964.5 1954.0 1960.3 1958.9 1957.5 1960.3 1958.9 1957.5 1958.7 co-seismic -0.20 T8 C2b 1954.8 1945.0 1935.3 1954.0 -1947.5 1946.4 1945.2 1947.5 1946.4 1945.2 ? post-seismic T9 C1 1953.8 1943.9 1934.0 1954.0 -1946.5 1945.4 1944.2 1946.5 1945.4 1944.2 1945 .7 co-seismic 0.34 C2a 1945.6 1934.3 1922.9 1954.0 -1936.7 1934.4 1932.1 1936.7 1934.4 1932.1 1935.0 summer rainfall 0.60 T11 C2a 1934.0 1920.6 1907.1 1954.0 -1926.3 1923.1 1920.0 1926.3 1923.1 1920.0 ? ? T12 C2a 1925.5 1910.6 1895.7 1954.0 -1919.5 1916.1 1912.6 1919.5 1916.1 1912.6 1917.0 building aqueduct 0.95 T13 C1 1915.2 1898.4 1881.7 1954.0 -1909.8 1905.7 1901.6 1909.8 1905.7 1901.6 1906.6 co-seismic 0.91 River discharge data River discharge data presented in Figure 2 was compiled from two stations on the Maipo River downstream of Lo Encañado Lake: station El Ingenio (1913 -1940 ) and El Manzano (1947 . Data was obtained from the Dirección de General de Aguas (DGA, Chilean Government).
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Intensity calculations
To determine Modified Mercalli Intensities (MMI) of historical earthquakes at the lake, we used intensity prediction equations (IPEs) depending on the source fault (Table DR3 ) (see also Moernaut et al., 2014 ).
-For megathrust earthquakes we used the relationship of Barrientos (1980) , based on a compilation of primarily Chilean megathrust earthquakes,
where Ms is surface-wave magnitude, and D is the estimated distance to the main asperity as suggested by Astroza et al. (2012) ;
-For intraslab earthquakes we used relationships that were established for the specific earthquakes by Astroza et al. (2005) , where D is hypocentral distance. For the 1942 Ms=6.9 intraslab earthquake we used the Santiago 1945 Ms=7.1 attenuation relationship, which provides an upper intensity limit;
-For the 1958 crustal earthquake we used the relationship that Bakun and Wentworth (1997) developed for Californian earthquakes,
where Mw is moment magnitude and Dh is epicentral distance. For the 1958 earthquake this attenuation relationship provides a very good fit with the reported intensity data (Sepulveda et al., 2008) , when using an Mw=6.3 (Alvarado et al., 2009 ). Table DR3 : Source parameters and selected IPEs for historical earthquakes in central Chile (Alvarado et al., 2009; Astroza et al., 2005; Comte et al., 1986; SISRA, 1985; USGS, 2010) . Dh: horizontal distance, i.e. (i) epicentral distance when using Bakun and Wentworth (1997) and Astroza et al. (2005) attenuation relationships and (ii) arbitrary distance to main asperity when using the Barrientos (1980) For each station and event, we isolated the S wave, rotated the horizontal components to radial and transverse components, and detrended the signal. We then computed acceleration response spectra (5% damping) for the SH wave on the transverse component in the frequency domain using the complex frequency response function, representing the steady-state response of a single-degree of freedom oscillator to harmonic excitation of its support (e.g., Gavin, 2016) .
Modeling of response spectra for megathrust and intraslab earthquakes
The frequency content of ground motion at a given site depends on many variables, including the type of earthquake (megathrust, intraslab or crustal), magnitude, hypocentral depth, distance between source and site, the path and other variables. In order to better understand in which magnitude and distance ranges response spectra of typical megathrust and intraslab earthquakes can be distinguished at the Andean station FAR1 (and hence in Andean lakes in general), we modeled response spectra using the ground-motion prediction equation (GMPE) of Idini et al. (2017) , which has different functional forms for subduction interface (megathrust) and intraslab earthquakes, and is based on data from the Chilean subduction zone.
Satellite reflectance data
Surface characteristics in the catchment were analyzed at a 10 m resolution using reflectance bands B03 (green, 560 nm, 35 nm bandwidth) and B04 (red, 665 nm, 30 nm bandwidth) obtained by Sentinel 2. We used the ESA Sentinel Application Platform (SNAP) to produce the B03/B04 ratio, which was then compared to the corresponding ratio (with a similar bandwidth) obtained from the reflectance spectroscopy on the sediment core (Fig. 3e,f) .
RESULTS
Stratigraphy
Hemipelagic sediments
The change in composition of the laminated sediment throughout the 20 th century can be primarily attributed to anthropogenic impact. While in the first decades of the 20 th century hemipelagic sediments are dominated by siliciclastic material forming clastic varves (after Zolitschka et al., 2015) , the sediments become gradually more organic between 1920 and 1960, resulting in increasingly blurry laminations. This change in sedimentation (rate) is especially clear in core ENC15-05 (Fig. DR2) , located near the inflow sourcing from the upstream located Negra Lake (Fig. 1) . We therefore attribute the change in sedimentation pattern to the commissioning of an aqueduct draining Negra Lake (Fig. 1) in 1917, thereby increasingly bypassing Lo Encañado Lake and causing a decreasing water flux through the lake, which nearly completely ceased halfway the 20 th century (after the population explosion of Santiago).
C2 turbidites
All C2 turbidites (i.e. C2a and C2b) can be considered flood turbidites, in which the production of a deposit depends on (i) high discharge due to intense rainfall or snowmelt and (ii) available "loose" material in the catchment. While C2a turbidites are related to a drastic increase of the former (discharge), C2b turbidites are mainly triggered by an increase of the latter (available material), but will also require a considerable discharge increase.
C2a turbidites
All the prominent C2a turbidites can be linked to historical flooding and anthropogenic impact (Table DR2 ). The turbidite T12, which was dated to 1916.1, is attributed to the impact of the construction of the aqueduct at Negra Lake. The ~1979.3 and ~1983.0 turbidites (T5 and T4) are attributed to increased summer rainfall in 1978-79 and 1982-83, although the latter may also be related to the winter flood conditions reported in Santiago de Chile (http://repositoriodigitalonemi.cl/web/handle/2012/). The ~1993.5 turbidite (T2) is triggered by a flood event caused by heavy autumn rainfall and snowmelt resulting from a rise of the 0°C isotherm on the 3 rd of May 1993 (OCHA, 1993; ONEMI, 1993) . The turbidites thus seem to be triggered by short-lived, but extreme events which may or may not show up in monthly averaged discharge data. The 2011 turbidite (T0) likely results from constructions related to the Alto Maipo Hydroelectric project (http://www.altomaipo.com). These correlations of the sedimentary deposits to historical flooding and anthropogenic activities all support the combined varve-radionuclide age model.
C2b turbidites, and their relation to C1 turbidites
While the C2b turbidite that is related to the 1945 earthquake (T8) occurs immediately above the C1 turbidite triggered by this earthquake (T9), this is not the case for the C2b turbidite (T6) following the 1958 C1 turbidite (T7). The latter are separated by 1-1.5 cm of hemipelagic sediments and the C2b turbidite has an age of 1961.3 (Table DR2) , which corresponds to a 2.4 year delay compared to the C1 turbidite. The timing of T6 coincides with the start of a period of moderate discharge maxima around 1961 and thus seems to be related to weather conditions as well. Nevertheless, even though C2b turbidites are depending on the occurrence of (weak) flood conditions, they are still genetically linked to C1 turbidites triggered by intraplate earthquakes. The probability that during a 109 year period, the only two C2b turbidites would occur by chance within a 3 year window after the only two intraplate earthquakes causing strong shaking (i.e. MMI>VI), is as low as 0.15%, and 0.42% when we consider a 5 year window. Hence, it is highly unlikely that the relation between the intraplate earthquakes and the C2b turbidites is by chance. 
Reflectance spectroscopy
The relatively blue color of the C2b turbidites (Fig. 3) is shown in the reflectance spectra by the relatively high reflection of light with wavelengths of ~450 to ~550 nm -representing blue to green light -compared to that of the other sediments. These higher reflections in the 450-550 nm range can be attributed to (a combination of) several factors: (i) Absence of carotenoid pigments, which occur in degraded organic matter, but not in mineroclastics. They typically absorb blue light with wavelengths between 460 and 510 nm. Blue light is thus more absorbed (and less reflected) in organic rich sediments and turbidites, and less absorbed (and more reflected) in clastic-rich turbidites.
(ii)
Presence of mineroclastics, and especially chlorites such as clinochlore, which are omnipresent in the catchment (Robinson et al., 2004) . They typically reflect bluegreen light (500-550 nm) well, while they absorb red light (~700 nm) (Kokaly et al., 2017) . Fresh (unweathered) mineroclastics will thus more efficiently reflect blue light compared to red light. (iii) Absence of iron oxides, which are likely present in weathered rocks and soils, giving them their reddish color (Fig. 3) . Iron oxides typically reflect red light (>700 nm) very well, while they absorb nearly all blue and green light (<500 nm) (Kokaly et al., 2017) . Weathered iron-bearing mineroclastics, typically containing iron oxides, will thus absorb the blue light, resulting in a relatively blue color for their unweathered counterparts. These relatively high reflections in the 450-550 nm range (peaking around 500 nm) is clearly illustrated by the average reflectance between 480 and 520 nm normalized for mean reflectance (i.e. n(R480-R520)) (Fig. DR4) . However, in literature the slope gradient on the side of the longer wavelengths has often been used. Trachsel et al. (2010) use R590/R690 to quantify amount of a.o. chlorite, while Rein and Sirocko (2002) use R570/R630 to quantify the amount of mineroclastics compared to organic matter. In order to compare our sediment reflectance data with that of Sentinel 2 satellite reflectance data of the catchment, we use R560/R665, as these are the reflectance bands available from the remote sensing data that best resemble the published ones (Fig.  DR4 ).
Figure DR4: Color reflectance data from core ENC15-07. From left to right: processed core image, lithology, average reflectance between 480 and 520 nm normalized for mean reflectance (n(R480-R520)), ratio of reflectance at 590 nm to 690 nm (R590/R690) after Trachsel et al. (2010) , ratio of reflectance at 570 nm to 630 nm (R570/R630) after Rein and Sirocko (2002) , ratio of reflectance at 560 nm to 665 nm (R560/R665) mimicking the bandwidths obtained from the satellite reflectance data, i.e. 35 and 30 nm, respectively.
Acceleration response spectra Figure DR5 shows acceleration response spectra computed for two recent earthquakes, one megathrust and one intraslab, in four stations, arranged more or less along a line from the coast to the Andes. In each station, the spectral acceleration (SA) peaks at higher frequencies (shorter periods) for the intraslab earthquake than for the megathrust earthquake, but this is most evident at the Andean station FAR1, where maximum SAs are similar for both earthquakes. Response spectra (5% damping) modelled using the GMPE of Idini et al. (2017) for the 2017 intraslab (blue) and megathrust (red) earthquakes in the same stations as Figure DR5 .
Modeled response spectra for megathrust and intraslab earthquakes
We first compared the response spectra modelled using the GMPE of Idini et al. (2017) for rock sites ( Fig. DR6 ) with those computed from accelerograms of the two recent megathrust and intraslab events in all four stations (Fig. DR5) . Although the match is not perfect, the relative shapes and peak heights of modelled and observed response spectra are in good agreement, confirming that the GMPE is representative of our particular situation. Differences in amplitude may be explained by differences in the selected horizontal component (not reported in Idini et al. (2017) ), site effects, and natural ground-motion variability. Subsequently, we modelled response spectra at station FAR1 for megathrust and intraslab earthquakes with different magnitudes and/or distances. We used fixed hypocentral depths of 35 and 100 km, respectively, and considered a fixed horizontal distance for megathrust earthquakes (170 km, similar to the 24 April 2017 earthquake, and more or less corresponding to the distance to the edge of the subduction interface). In Figure DR7 , we evaluate the effect of magnitude. Figure DR7A shows response spectra for intraslab earthquakes at a distance of 34 km (similar to the 2 August 2017 earthquake) and with magnitudes varying between M=5.0 and M=6.5, compared to the response spectrum for an M=7.0 megathrust earthquake. These show that intraslab earthquakes with magnitudes up to one unit lower than a megathrust earthquake generate distinctively larger accelerations at high frequency (T < 0.2 s or f > 5 Hz). Conversely, Figure DR7b demonstrates that megathrust earthquakes with magnitudes of at least one unit larger than an intraslab earthquake at the same distance generate significantly larger accelerations at low frequency. In Figure DR8 , we compare response spectra for megathrust and intraslab earthquakes of the same magnitude (M=7.0), varying the horizontal distance of the intraslab earthquake between 10 and 200 km. It is again obvious that at distances that are shorter than the distance to a comparable megathrust earthquake, intraslab earthquakes generate distinctively larger accelerations at high frequency. The modelled response spectra support our hypothesis that Lo Encañado Lake is located at the right distance from the megathrust to be more sensitive to high-frequency accelerations from intraslab earthquakes than from megathrust earthquakes with magnitudes up to one unit higher and at comparable or longer distances.
We also compared response spectra of historical earthquakes (1945, 1985 and 2010) with Chiapas-like earthquakes (Mw 8.2, Mexico 2017) -as an equivalent for the strongest plausible intraslab earthquake -at varying distances (10 -200 km) (Fig. DR9) . This shows that a large intraslab earthquake at a large distance still produces larger accelerations at high frequencies compared to megathrust earthquakes. 
